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Phase Transfer Catalysis (PTC) technology (Starks and Liotta,
1994; Makosza and Wawrzyniewicz, 1969; Makosza, 1975;
Brandstrom, 1982; Weber and Gokel, 1977) is presently used
in the manufacture of an extremely wide variety of chemicalssuch as polymers, petrochemicals, pharmaceuticals, agrochem-
icals, and other commodity, specialty and ﬁne organic chemi-
cals (Goldberg, 1992; Dozeman et al., 1997; McKillop et al.,
1974; Maurin, 1983; Kantam et al., 1990). The advantages of
a PTC process over classical non-PTC process have been re-
ported for many reaction categories (Sato et al., 1997; Grace
and Wood, 1994; Duke et al., 1964; Tummes et al., 1970; Jac-
obson et al., 1968; Stark, 1971).
However, to our surprise very little work has been reported
using PTC on Aldol condensation of aliphatic aldehydes, an
industrially important reaction. Traditionally aliphatic alde-
hydes are condensed using alkali hydroxides, alkali carbon-
ates, and alkaline earth metal hydroxide as a base catalyst
(Hausen et al., 1978; Yoneoka et al., 1995; Cull et al., 1967;
Figure 1 Consecutive process in a liq–liq reaction.
Figure 2 Mechanism of hydroxypivaldehyde formation.
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include Zn or Mg containing zeolites (Merger et al., 1974), ter-
tiary amines (Salek et al., 1992) and basic ion exchange resins
(Erkki et al., 1998). There are a few relevant references in the
literature on phase-transfer catalyzed Aldol condensation with
aromatic aldehydes but none reported with aliphatic aldehydes
(Cortese and Gastrock, 1985; Cardillo et al., 1975). To the best
of our knowledge only one report mentioned the use of PTC
(quaternary ammonium halide) as co-catalyst surfactant in
the Aldol condensation carried out using alkali hydroxides
as catalyst (Deem and Stueben, 1976).
Herein, we report in this paper for the ﬁrst time, an example
of the cross-Aldol condensation reactions of aliphatic alde-
hydes (Deem and Stueben, 1976). Figure 1 shows the cross-Al-
dol condensation of isobutyraldehyde and formaldehyde
performed using basic-PTC (quaternary ammonium hydrox-
ide) as sole catalyst and Table 1 shows the beneﬁts achieved
in terms of high productivity, better quality, smaller catalyst
charge, control exothermicity, improved safety, enhanced envi-
ronmental performance, etc. over the conventional method
from the industrial viewpoint. This reaction represents cross-
Aldol condensation between two different aldehydes, namely
isobutyraldehyde having a-hydrogen atom and formaldehyde
having no a-hydrogen atom, for the synthesis of aldehyde-
alcohol, namely hydroxypivaldehyde (HPA). The expression
‘‘formaldehyde’’ comprises both conventional formaldehydeTable 1 Comparison of catalyst performance in Aldol condensatio
Process Non-PTC
Catalyst type Tertiary amineb Ion exchange resin
Physical state Liquid Solid
Conversion 98% 95%
Selectivity 96% 98%
Reaction time 2 h >7 h
Reaction temperature 90 C 60 C
Pressure 1 Atm. 1 Atm.
Exothermicity Moderate Moderate
Catalyst amount 5–6% (mol equiv.) 25–60% (by wt.)
Catalyst separation Distillation Filtration
a Ref. Merger et al. (1968)
b Ref. Merger et al. (1974)
c Ref. Morris et al. (1989)
d Ref. Starks and Liotta (1994)obtained as an aqueous solution and anhydrous forms of
formaldehyde, such as paraformaldehyde and trioxane.
Figure 2 shows the mechanism of the cross-Aldol condensa-
tion of isobutyraldehyde and formaldehyde catalyzed by phase
transfer catalyst. The problem at hand in this reaction is the
following. Reaction between two substances located in differ-
ent phases of a mixture is often inhibited because of the inabil-
ity of reagents to come together. Isobutyraldehyde is a liquid
material that makes the water insoluble organic phase. On
the other hand, formaldehyde solution makes the aqueous
phase because it comes as 37–40% aqueous solution. In the Al-
dol condensation process, these two reacting components cre-
ate a non-homogeneous two phase reaction medium.
Therefore, interaction of the two reacting components is not
sufﬁcient enough for smooth cross- Aldol condensation lead-
ing to the product hydroxypivaldehyde. Thus, the equilibrium
in the ﬁrst step of the reaction mechanism tries to be more to
the backward (i.e., to the starting isobutyraldehyde).
One way to solve this problem is to make the reaction mix-
ture homogeneous by using a solvent such as methanol or eth-
anol. However, by doing this we will decrease the
concentration of the reacting components, thereby decreasing
the reaction rate. The other but a better way to solve this prob-
lem, according to the present invention, is to make use of an
appropriate basic phase-transfer catalyst (PTC). Reaction isn reaction of isobutyraldehyde and formaldehyde.
PTC
c Alkali hydroxidea Quaternary ammonium hydroxided
Solid Liquid
85% 100%
<70% 100%
4 h 1 h
70 C 20 C
1 Atm. 1 Atm.
High Moderate
4% (mol equiv.) 4% (mol equiv.)
Electrolytic Extraction
Table 2 Temperature proﬁle for the Aldol condensation
reaction of isobutyraldehyde and formaldehyde at 20 C.
Entry no Reaction
time (min)
Reaction mixture
temp. (C)
Cooling bath
temp. (C)b
1 0.0a 15 c
2 0.5 26 8.0
3 1.0 25 8.0
4 1.5 25 8.0
5 2.0 24 7.6
6 2.5 22 7.5
7 3.0 21 7.3
8 3.5 20 7.2
9 4.0 18 7.0
10 4.5 17 7.5
11 5.0 16 8.6
12 5.5 15 9.3
13 6.0 15 9.6
14 6.5 14 9.8
15 7.0 14 9.9
16 8.0 14 9.9
17 9.0 13 12.2
18 10.0 14 14.3
19 11.0 15 16.4
20 12.0 17 18.4
21 13.0 18 19.6
22 14.0 20 19.8
23 16.0 21 19.9
24 18.0 21 19.9
25 20.0 20 20.0
a Before catalyst addition.
b Fluid temperature.
c No water circulation.
Figure 3 Benzyltrimethylammonium hydroxide (BTAH).
S384 A. Hashmibrought about by the use of small quantities of an agent, which
transfers one reactant across the interface into the other phase,
so that reaction can proceed. Thus, phase transfer catalysts are
deﬁned as compounds whose addition to a two-phase organic-
water system helps transfer a water soluble reactant across the
interface to the organic phase where a homogeneous reaction
can occur. This can also help transfer a water insoluble reac-
tant across the interface to the aqueous phase where a homo-
geneous reaction can occur.
The phase-transfer agent is not consumed but performs the
transport function repeatedly. Organic-soluble quaternary
ammonium or phosphonium cations have been found to be
excellent agents for the transport of anions from the aqueous
phase to an organic phase. We have used a speciﬁc phase-
transfer catalyst, namely benzyltrimethyl or benzyltriethyl
ammonium hydroxide which is also known as Triton B
(methyl version) (Fluka Catalog, #13991). This comes as a
40% solution in water. Its chemical formula is shown in Fig-
ure 3. The hydroxide counter anion acts as a base entity to
de-protonate a-hydrogen of the isobutyraldehyde molecule,
whereas the quaternary ammonium cation part assists in the
phase-transfer mechanism.
2. Results and discussion
The hydroxypivaldehyde (HPA) precursor intermediate for the
synthesis of neopentyl glycol (NPG) is prepared traditionally
by cross Aldol condensation of isobutyraldehyde and formal-
dehyde using triethylamine or alkali metal hydroxides or car-
bonates or alkaline earth metal hydroxides (hydrated) or by
ion exchange resins as base catalyst. The Aldol condensation
process using alkali metal hydroxide catalyst has a number
of disadvantages. They not only form salts, also as the aqueous
catalyst stream is recycled, the proportion by the weight of the
cross-Cannizzaro products contained therein increases. A high
proportion of such products in the aldolization catalyst re-
duces the efﬁciency of the aldolization catalyst. Accordingly
the catalyst stream must be purged from time to time to con-
trol the buildup of aldolization catalyst, and also if necessary
the complete stream has to be discarded. The discharged aque-
ous stream adds process operating and capital cost both in
terms of the valuable catalyst lost and in terms of treating
the alkaline purge stream to reduce its chemical and biological
oxygen demand before it can be safely discharged to the envi-
ronment. The use of polymeric resin catalyst is undesirable be-
cause of lower conversion (up to 86% only). Whereas nearly
100% conversion is desirable in the high volume manufactur-ing process, and also handling of these polymeric materials to
the precise molar ratio is difﬁcult. The use of triethylamine re-
quires elevated temperatures and also longer reaction times are
usually required. However, to the best of our knowledge only
one report describes the Aldol condensation of aldehydes and
ketone with the phase-transfer catalyst benzyltriethylammo-
nium chloride. Herein we report for the ﬁrst time a cross Aldol
condensation reaction between a ﬁrst aldehyde selected from
the aldehydes containing at least one a-hydrogen atom, and
a second different aldehyde selected from aldehydes having
the formula R2CHO, wherein R2 is selected from H, alkyl hav-
ing one to twelve carbon atoms, and aralkyl having seven to
fourteen carbon atoms, and with a catalytic amount of
phase-transfer catalyst benzyltrimethylammonium hydroxide.
The Aldol condensation reaction carried out at 20 C is de-
scribed as follows: The reaction was performed in a 500 mL
jacketed glass reactor equipped with a mechanical stirrer, ther-
mocouple and a funnel. The required quantities of isobutyral-
dehyde, formaldehyde and benzyltrimethylammonium
hydroxide were measured and cooled in a constant water bath
set at 15 C for a period of 30–35 min to attain the bath tem-
perature. The temperature of the water bath and the chemicals
was measured using a K-type chromel–alumel thermocouple.
The reactants (IBAL and HCHO) were then added to the reac-
tor kept at 15 C and stirred using a mechanical stirrer with a
rotation velocity of 465 rpm for 3–5 min in order to have prop-
er mixing of chemicals. The cooling of the reactor was carried
out by circulating cold water at a speed 20 L/min using a cool-
Table 4 Selectivity and conversion values in the Aldol
condensation reaction of isobutyraldehyde and formaldehyde
at different reaction times using 4.0 mol% of PTC at 20 C.
Reaction time
(minutes)
Isobutyraldehyde
(% conversion)
Hydroxypivaldehyde
(% selectivity)a
20 25.50 100
30 60.50 100
40 78.45 100
50 89.56 100
60 95.17 100
90 100% 100
a Including the %yield of NPG.
Table 3 GC analysis of the Aldol condensation reaction of isobutyraldehyde and formaldehyde at 20 C.
Compound RT (min) %Yield of product at diﬀerent reaction times$
40 (m) 60 (m) 90 (m)
IBAL 2.2 21.5 4.83 0.67
PTC 2.9 2.00 2.12 2.25
HPA 6.1 66.8 81.9 85.6
NPG 8.1 3.31 4.04 4.2
PTC 10.2 2.23 2.36 2.5
PTC 10.8 1.46 1.49 1.5
PTC 12.3 2.77 3.27 3.3
IBAL= Isobutyraldehyde, HPA= Hydroxypivaldehyde, NPG=Neopentyl glycol, PTC= Benzyltrimethylammonium hydroxide.
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order not to interfere with the low initial temperature of the
mixture in the reactor. The reaction was started by adding
the cold (15 C) solution of benzyltrimethylammonium
hydroxide to the reaction mixture in one shot. The stirring
was continued and Table 2 shows the temperature variation
observed using a digital K-type thermocouple dipped inside
the reaction mixture.
The rate of reaction was monitored by the disappearance of
IBAL and by the formation of HPA using gas chromatogra-
phy. The aliquot samples from upper organic layer were taken
out at every 10 min after the addition of catalyst over a period
of 90 min. The GC analysis showed 100% conversion of iso-
butyraldehyde in the aliquot sample taken at 90 min. Table 3
shows the different compounds present in the aliquot samples
taken at 40, 60 and 90 min and their percentage yield and
retention times.
The isobutyraldehyde percent conversion represents the
amount of isobutyraldehyde reacted under the conditions em-
ployed. The percent hydroxypivaldehyde yield is indicated as
the percentage share of the hydroxypivaldehyde amount formed,
including the percentage share of neopentyl glycol formed in the
product stream. The hydroxypivaldehyde selectivity shown is
based on isobutyraldehyde. It is indicated as the percentage
share of the hydroxypivaldehyde and neopentyl glycol formed
in the product stream, of the percentage share of the products
present in the product stream excluding the catalyst and its
impurities. The BTAH catalyst provides 100% selectivity of
the product hydroxypivaldehyde (including NPG product).
Table 4 shows the selectivity and conversion values in the
aldolization reaction of isobutyraldehyde and formaldehyde
at different reaction times using 4.0 mol% of PTC at 20 C.The selectivity and conversion calculations shown are based
on the gas chromatographic analysis of the product mixture ta-
ken at different sample times after the addition of catalyst. The
rate of formation of hydroxypivaldehyde in the ﬁrst 30 min
was 60% and by increase in the reaction time its formation in-
creased slowly, and after 90 min GC analysis showed 100%
hydroxypivaldehyde formation. The side products such as
NPG-monoisobutyrate, NPG-hydroxypivalate, isobutanol
were not observed. The other peaks at RT 10–12 are due to
catalyst and its impurities.3. Experimental
All materials are commercially available, and analytical purity
was conﬁrmed by gas chromatographic analysis. The GC anal-
ysis was performed using Perkin Elmer ‘Autosystem’ gas chro-
matograph equipped with a ﬂame ionization detector and a P.
E. Nelson model-1022 integrator was employed. The chro-
matographic separation was carried out in a supelco capillary
column (30 m · 0.32 mm I.D) which had poly (5%-diphenyl-
95%-dimethylsiloxane) as the stationary phase. The column
temperature was programed from 40 C to 200 C at a rate
of 10 C/min. The carrier gas was Helium with a column ﬂow
of 1.5 mL/min and 15 psi head pressure. The injector temper-
ature was kept at 225 C and the detector at 250 C. A
0.2 lL of neat sample was injected each time into the gas chro-
matograph in the above set condition and the total run time
was 20 min. 1H NMR spectra were recorded on a Varian
400 MHz NMR spectrometer operating at 399.94 MHz in
the Fourier transform mode with a digital resolution of
0.1 Hz. The spectra were recorded in deuterium oxide (D2O)
solvents with tetramethyl silane (TMS) as an internal standard.
IR spectra were recorded on a Nicolet 5 DBX FT-IR and are
reported in wave numbers (cm1).
The Aldol condensation reaction carried out is described
as follows: The hydroxypivaldehyde was prepared by react-
ing isobutyraldehyde and 37% aqueous formaldehyde solu-
tion using quaternary ammonium hydroxide, in a feed
mole ratio of 1.1:1.0:0.04 (isobutyraldehyde:formalde-
hyde:quaternary ammonium hydroxide). The aldolization
reaction was performed in a 500 mL jacketed glass reactor
equipped with a mechanical stirrer, thermocouple, metering
pump and a funnel. After reaction is completed the mixture
was then cooled and the solid hydroxypivaldehyde obtained
was then ﬁltered under suction and washed with cold water
to remove the catalyst and its impurities. The hydroxypival-
S386 A. Hashmidehyde obtained was dried in an oven and the isolated yield
was almost quantitative (m.p. 88–90 C and b.p 130 C at
100 mmHg). The 1H NMR of the HPA showed the follow-
ing signals: 0.9 (dd, 12H), 1.65 (s, 2H), 3.35 (d, 1H), 3.50 (s,
2H), 3.62 (d, 1H), 4.48 (s, 1H) and 4.6 (s, 1H). The NMR
was assigned to the dimeric structure of HPA. To observe
the monomeric structure of HPA the 1H NMR spectrum
was recorded at high temperature 50 C, which still showed
the signals for the dimeric structure. The 1H NMR spectrum
was also recorded in different solvents; still we could not see
the signals for monomeric structure conﬁrming that HPA in
solution exists only in dimeric form. However, the structure
of monomeric form of HPA was observed in the IR spec-
trum of melted HPA which showed the presence of the alde-
hyde group. IR m (cm1) 3685, 3660, 2980, 2885, 2804, 2700,
1751, 1486, 1350, 1280, 1156, 1052, 893, and 748. The
hydroxypivaldehyde (HPA) was then converted to neopentyl-
glycol (NPG) over a commercial metal hydrogenation cata-
lyst. The identiﬁcation of NPG was conveniently
accomplished by the comparison with an authentic commer-
cial sample (Meftahuddin et al.).4. Conclusions
The following conclusions can be drawn from the cross-Aldol
condensation of isobutyraldehyde and formaldehyde catalyzed
by phase transfer catalyst:
 The cross Aldol condensation of isobutyraldehyde and
formaldehyde performed using a basic phase transfer cata-
lyst at 20 C showed 100% conversion of isobutyraldehyde
with 100% selectivity of the product hydroxypivaldehyde
(including 2–5% of NPG formed).
 A 4 mol% equivalent of phase-transfer catalyst is needed in
this reaction. No other (or additional) base is required by
virtue of this phase-transfer catalyst containing hydroxide
counter anion (a basic entity necessary to initiate the ﬁrst
step in the reaction by de-protonation of the a-hydrogen
atom of isobutyraldehyde).
 The most preferred temperature for the synthesis of
hydroxypivaldehyde using phase transfer catalyst is 20 C
to minimize the formation of side products. And, the pre-
ferred reaction time is 90 min.
 The phase-transfer catalyst can be added to the reaction
mixture in the solid form or in the form of an aqueous or
an alcoholic solution. The catalyst can also be easily recov-
ered by extraction with a suitable solvent.
 The hydroxypivaldehyde obtained using benzyltrimethy-
lammonium hydroxide catalyst needs no further puriﬁca-
tion, and it can directly be hydrogenated to get the end
product neopentyl glycol.Acknowledgment
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